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A{nocrss for the nea^tment of toxic ruaterials, for eaampie,

inorganic compounds,halogemed organic conpmmids such
as polyrLloripalad bipheny]s (PCBs), dioxin and ditJtlo-
rodipheny] tricLloradhane (DDT) and chemical wepms

such as Svin and mustard. The process is based on the
discovery the mcchanical activation can induce <hemleal

reactions which breat down the molecular strumre of toxic
matetials and form (eoducts which are s;uple, noo-totic
compomds. The pocess involves su6jec[ipg a miabtn of a
toxic matrrial and a suitable resgent to rru;chanical utive-
tion to Pioduce a non-toxic end product or paoduets.

Mechanical activation is typically perfartned inside a
nwechsnical m[II, for exmuple, a ball mill. BaE mWia` of
variom toeic materials with apryo}`iate ree8ente was found
to rxndt in vMual total destructioo of th e toxic slutin8
masedaL
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3 4
high wuperanuea. Another fmm of mniteniW acrivation, The reageat may be one of sevemi substances inwduced
desebed in International Applkatlon No. PCflAU89/ into the mimue to pramote reacrivity dedng mechanical
00550, is aonoerned with a dmmieal reduction process aaivatlon. and that may be activated or prctreate.d in some
involviog maschadeWy ae6vatd cbeffid sedoctlon of other waY to enbance the reectioe rate.
redueib]emaWempooodafamamdemuingmeUla,auoya 5 7naprefemAlotmoftheiaren6on. c,a•icat activa-
or eeamie memdala don is performed Wide a mechanical mill. for wmpla, a
The use of maCbaOieat arriVetlCn to ayntbeWe certYn ball mU MeCbaeieat activation OCcIR3ln a bau miii when

types of dmnWl compouadc, such u agaaomehltle grinding med'u, typledly steel or ceramic balls, are hpt in
mmpamds, is deaebed in U.S. Pat No. 2,416,717 by a sbte of coainuooa rrJaNve morioa with a feed mateial by
SMw.AaexamPledCeetloddRarmoadermibedbyS'haw it the application of inecLanial energy, such that the energy
is the so<aged Gnignad type of reaction wmrb is used to imparted to the teed material dming baai-feed-ball and
syntbeeiae mae complex argaeic compounds from simpler ball -feed-licec coiliaions is sufficient to caose mechaeiol
eompounda. Who used to carey out a Goigeaoi type of activation.
mmflon. mafiuiual aahatiao by coatlnuoualy cugiug 7laougbout the remainder of the speclfseatioa reference
chipa from a mehl wed to ntl¢ a Odpurd type reageat is wsLbemWe to Ibeprocesc of the invenNa® being coorkdom
mayimprwetltarep[vAyeQtbenagentaandmrybeoaed inadeamacbaukelmllAnyofthecommesciallyavailaWe
to control and rryalate be rate at with the chemical mills of this type may be suitable. Examples of this type of
reaction pntteds. Howewer it was nut appredated that mtll are aneting mills, tower mills, planeary mills, vka-
mechaoint actlvatlun caW also be used to break down saty Mills, atlritor mills and gravisy-dependent-type ball
complex mganic oompouada into simple inorgaoie sub- m nu71a. Closed drcuir recycling of the mill coukms between
stancee. the mill and an extanal vessel may be deainble.7Le mill
MafiaaorLednl degradation of polyvinyl chloride contents may also be passed through a poa[-mgting eaonc-

(PVC) dmieg mesLaukai piodieg in a vibrAioaal mill has tion facility if newaary.
also been fovoatipled PVC campoaitu which eueadn It will be apl¢eclated that the mechanical activation may
ieosgade 411ma have been wbjemed to grinding to help 31 also be arLieved by any suitable meaos ether than ball
dlrtaOnitettseeQatoftheglieroathestabiiitydthePVC milling. For e{ample, mcdtanical aativarun may also be
comperlte.lLe depee of paamedaeoon and de6ydroddo- achieved using jet mills, rod millt. roller mills or cmber
tinsHan of the PVC was foemd to vary wltb the addition of mills. Throughout the specl8catloe. the mo M1aecLanial. ^p

calcium eDYlQeYYda aYCb as CLSDV'^•yG, CaCOa and activation" ineludee any process wiYcfl involves the on of

Ca(OH)a.Howeseiiasvenchmmtlma6ectsofmnfsmi- so merhminlenergy mbtaearetherLcmicaireactivltyoftbe
.at gdodiag on aPobnaapowdor (PVC) did not amidpah reaaruts so as to induee medtanocbemktl rastima. whie6
IL in aomy way eepidR the an of med1a06il activation for are fheAital but occur as a ce0eeq0eace of the

the deeqwllon of bde malaials sueh as bulogmafed applied muLaateal energy.
organic eompounds Into dmple inorgaafc eomposmds aurL In order to faeditate a better andecstanNog of the inven-
as carbon. xs tion prsfennd embadi^of the prooss sod eaunpla of

SUMMARY OP77B W9ffi97SON
meeheaorLmied reactions according to the prottss will
now be deaonbed in deWl, by way of exsmple only.

The presem Invearion was devdoped with a view to
providing an amsrem and mvhonmmtuly acceptable pro- BRIEF DBSCIUPTfON OP ACCOMPANYING
msa for the tsea0smt of eaic mamWS. do DRAWINGS
Acmrdiag to to peeeor fnven6on 16me is provided a

meehenocfiemieai proan for the treaunem of toxic FiG. l fliuawtae the fraction of DD8 ramaio-^'c°gY
materia4the R^acoamptising: ingasafunetionofmWingtimew6euRoceaaiugDDBwith

subjedtlay a mda0ne of the toxie metcial and a eultable CaO in a ball mill;

reogmt to merhaical ativatlnn to inuesse the drcmi- 45 M. 2 illusrcrea goaphically the fraction of orgsnochb

eal rrmMvYy of t6e resdanta smL that a chemical rincs remaining an a fundfoa of milling time when pmcue-

reattlon oocure wWdt pso8taa a ooctoxic end grdd^ Ing DDT with quirkl®e in a ball mgi;

net or geoduQa. PfG. 3Illumates gmphiqlly the 6actioo of mgauorLlo-
7ypinlly the tmic marmal is a lulogeoated orgndc riues remaining so a function of snilliag time when pmsae-

compound, more typlcally, a rLlodWed bydmcacbon such so ing DIY17 with CaO, in a ball mill;
as, for Scampie, a Pm. or DUT compound no toxic PIOS. 0 and 5 sLuuma grapbicaDY the fractioo of orga-
matesial may be a mbmne of a toxic and a eoa-tmtic nacblotlnn remafelog an a function of mgling time when
compound or ma6aiab. processing DDf with quicWWime in a ball mgC
Any reagdt whlch la apahle of ehemically renctlug wiW plp. 6 igunee4a graphically the reduced miiliag time that

Use toxic mueual may be wNable. The rmgmt may be a v caus be adieved utiag pre-milled CaO; and,
solf0.liquid or pa, and two or mom auimWe rrzgab may
be used If dedred. Suitable reagente may include oxNisiug PIG. 7 Wustm¢t graphically the fnetion one ramalo-

agents such tl,fer example, han o:ide, maegaone dioxide
lag when the PCB is added incrementally dudng mininy.

and orygea. Atleoalwly be rogeet mey be a reducing DErAIIED DBS(7IPIlON OF PRffi+BRIt®
agentauchae,faatamyle,aloiloiumetal,imomemlaud an EMBODIMHNCS
zinc meraL Redoclub which dmer break down the eatlre
suoleeale o<rpet aekNvely to remove ehleuec may be In the process of We invention the toxic materials are
used. Other aWhde rmgnts may also be employed to q7dcally placed inside a mechanical mtIl together with a
dispuae of prttlw4r rotic matmids, for example, sodium suitable seagem(e), and subjected to mNing artlon. As a
hydrWada, gnphitr, mand rnud. Ibne or quieYlime, ware. 0 comequeece of inechemcaW activation assoriated with

a^ qvdt, copper onidC, ah,...lnimwcarbon d(Unidt, C' raifling, collision eVmts involving the reagents and Use
oxide and IDagnwiom oride. grinding medie occur which induce the toxic materiala to

I of 1 5/4/99 3:03 PM
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13

E ^^
r 8v a

p
wCi4g ^'.A 6^^R^

^
I^

^r^wg^%$g

^

^^ g
^

^ ff !g.?^g^^_a

PS

p

l l,
^i

t
.^Ir 1 111!

g^
#^^^^ l^t fliqA^R^^a^^^^ ^

^
^8

uHfi ^^^^ ^^^I F^^^^^^

tR' '
1 15m'

l^ ^
;a^^^ ^^r^

€
l 1^° ^^la^^^^

^^^^^^^^^^^
^.^ ,̂I ^^Ig°^lipaI!Ih fll

zk3

,T^
^AaE^•^^^s

I8^^@^^^^

^A
^

3



^ Full Text
7 Help

Go to Page:
..

TO

^

Sections:
• Front Page
• Drawinsts
• Soeciflcations
• Claims
• Correction

;

4..i °5 ^^... .
':"I

^^^^ fiit^^ r^iS' ^ ;^l0^li,
'^^^^i' ^^ag^,.H-^ I:^i

)'• ( ^ t ^g^eri

hasdercd steel vLl for 12 hotm using a SPE7C Model 8000
miavlmill.7Le total mua of the balLs was 73 8MM and the
ball to reutant mau ndo was 17A:1. At various Umes;

during milling aatstple were rnmoved from the m81 and
analyaed using OCMS and G(73C techniques. FIG.1 shows
the fsaetion of DDE remaining as a fuodfoo of the milling
tlme.'rhe O(BC noalysit Ahowed that 99.9998%dee6vution
of the agaaorLldine had a.cuued

5,648,591
8

balls in a hardened steel vial for 36 houts using a SPEX
Mode18000 *d+..a.+m The total mass of the balls was 73
grants aod the hall to rsfesaat mass ratio was 8:1. At The
conclusion of the mi8ing, the product was analysed stsing

.5 GCMS and Cs(W techniques. The (i(BC analysis showed
99.9993% desoueHUO of osganochlatinea.

E7CAhff[.P. 11

FXAMW1.B 6 to
Diddavobwrne ( 1.02 grams) and calcium ox{de (7.0

DDT(13gsama)aadquicYlhoe(78%GOl(13Sgnme) go=) wers, rufflartogethawlthoine10mmhardeoedatefl
balls in a hardened ebel vW for 24 hours using a SPIDC

were m01ed together with nine 10 mm hudened stxl balls
in a hndeeed etr.ri vLl for 24 houn sadng a SI'IDC Model

Model 800 murcNmDl.1Le tatal snzss of the balls was 73

8000 so6tedm0l. The mfal mass of the balls was 73 gnsms grant and the bill to ractut mass ratio was 9.1:1. At the
conclusion of the milling, the product was analysed using

and the Mll in srradaW was ra0o was 4.9:1. At vadous is G(a1S ad (3(ECC techniques. The G(PC analysis showed
timu dsuiog mpling wapim were sema,ed from the 111111 99.9969% destruction of agaaachlorines.
and. analysed using OQdS aad IX8C teelwiques. P$3S. 2
shows the fraction of aqanochlaroee remaining as a thoe- p(pryPLE 12
tion of the milling thnw H is seen that DDE forms as a
hrealr.dowv produut of DDT. Couplete deatsue6on of the m ffeturWorobenzeoe(1.06gramv) andcaldumoxide (7.98
DDT was found to own aBet 6 bouss aod DDE afmr 24 grme) wete mLedtogemer with oine 10mmhadeeed tted
houta, balls in a hardmed eteet vial for 12 hours udng a SP®t

EXAMPLE
7 Mode18000 ®xedmtL. The total mass of We balls was 73

grams aod the ha8 to reactant roass ratio was Ba. At the
DDT (1.5 gsaw) and ealtis® oxide ( 11 gnass) were 8 conclusion of the m(lling, the poduct was aoalysed odag

mOkd together with nioe 10 mm hrdmed steel balls in a OCMS and GCEC techniques The GCEC aoatysis showed
hsN=ed atael vial for 24 hours naiqg a SPEX Model g00 99.9994% destruction of orgmoddonves.
sniaer/mgl. The toW rru offLe ba0s was 73 grams and the
ban to raawnt mase s'at(o wp 5.4.1. At vuious than during

d t th N d
EXAA7PLE 13

smovc rom e m anmllimg umpies wam amlysed
ualug OOdS and O®C terh•Iques. flG. 3 ahowa The
fraction of argaoosfimsines sa•eldeg as a fnnetion of the
milling time. D is sem that DDE fosms as a haak-down
product of DD7. Ca®ymm deehustlon of the DDf was
found to oaau after 10 hosas and DDE after 24 htmrs.

131CAA4'f.E 8

30 (Llmpyrifos (CvHssNOsdeS) (1.01 grasus) and al-
uhsm oxide (7.08 8ram) were mf0ed mgelber with mn 12
mmhardamd stalballs in ahardeoed steel vial for 24 han
using a SPIDCModel8000 miaer/m10.7'he total mau of Ihe
balls was 81 grama and the ha0 to teacbat mass ratio was35
10:1. At the cmdus(oo of the mi0ing, the product was
enalyaed using OQdS and G(2+C techdques. The OCeC
awl is ahowed thav 999998% deWuar' of

DDT(1Sgsasns)aodquk8hme178%CaO)(13.4gmms) ya gre+ter . au

°gaie compo°°ds.were swlled together with nfie 10 sms hesdmed ateel ba0a
in a hadened and vlal fot 24 houre using a SPIDf Model an g7{AMpl,g 14
800 nshsa/mW.7he mbl mau of thebaea waa 73 pams and
the ball to suctaot mue ratio was 4$1. The mitlingg was Anazine (CaH^A(1) (1.0 grams) and calcium oxide
cauled oat with the reaclnta atposed to an air ammephare. (7.02 grama) were milied together with ten 12 mmhasdeoed
At verfooe times dmiog mdlWsg ssaaplea were semoved from cteel baW in a hardrnrd areel vlal foi 24 homs uang a SP®f
the soM and awlyaed using 13CM5 and l3(SiC teehdques. 4s Mode180o0 mixet1ra011Le total mass of the balls was 72
F!(1.4 shows the Lratlim dorganacMosines Rmaidog as a gtame and the ball to reaclant maas ratio was 10.1:1. At she
fuuatlou of the m8ling fime It Is seeu that DDE fams as a ooae6Waa of the m011ng, the product was analysed using
inmlodown product of DDT. The mnao®eub indiaam 0(.T1S and OCEC tcchdquea The GCEC aoalyaia ahuwed
that complete deaa'actim of the DITI' ooan•s aRer 3 homa gteatar than 99.99% dessruaionof osganirs.
and DDE after ap)aox(motdy, 20 hours. so

HXAMPI.B 9
EXA2dP(.C 15

DDT(1.5gnmeJan.dqWcklimel78%Cspl(13.5grama) (m^on (^ssNOsP) (0.95 esams) and calcit
Oxide grant)weremi0edtogetherwMhten12r®weremgledmgeWcwHhsaveaty6mmh¢dmedateel6aW

in hadeaed steel vid for 24 hosn using a SPEX Model 800 55
hasdcmd smel balls in a hmdened steel vLl for 24 homs

roudm0l. The toW mus of tln ba8s wu 73 g3ams and Ihe a SP8^4 Model 8000 saiaer/mi11.1Le total mua of the
bagawaa81gr®eaadtlseba0mrexvnlmusrWowu6a0mseaotmtmuasYfowaa49:1.Atvarfoustlmesdudng
10.7:1. At the conclusion of the m7ling the praduct waa;mOAng aasoplea were sernosed from the mgl and aoMynM

using OCMg and G(PC techniques. Pl(1. 5 shows the analysed using OCMS and OCBC tedmiyoea The OCBC

fraction of aganoG4lasiuu s>matNng n a Ponotlon of the eo aaa)yds: ahowed 99.9996% destruction of orgadc enm

dmOling time. It is sem that DDE fosms as a hreak-0own Poun s'
product of DDT. Complete destruction of the Dlyf was

EXAMFyy 16found to omn afler 6 hotas and DDE after 18 hours.

EXAMPLE 10

MoaouWorobeomne ( 1.1 lama) and calcium oxide (8.0
gramal wete rm7led mgether weh nine 10 som hardeaed steel

Iseazene (CA) (0.86 gnms) and ealouo oxide (7.0
gsma) we¢ mifledmgeWerwith nine 12 rnmlucdeoedanrl
ha8a in a haMeaed steel vial for 48 hours using a SP88
Model8000mixer/mill. At the cancluaon of ine odg(ng, the

I of 1 514/99 3:05 PM
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9 ĝ;_â ^^
^^^^g

^w 3̂ ^q
A 2255p® 3 ^a

9

!^b^^
9fl1P1

J
hg ti

^^^^^ 11411 "o ^^^'1 ^^ill^^o
^^

wy^ti$ ^ gy C^ ° g

I^^3^t7^ QI I A ^^^ ^. Q ^S^y S^I -I Q f-im

R
rd

^

^̂ ^A 4. i^gg pwp ^ gg pRw _ 9 qp y 9̀i p 98 F^9 {4CV+ ^

9,o.2b^
11

^^l
V^^^l qs I^z^^

A ŷ ^^8

g o "taa8 ^ ^^ g@@ A e

la.9S^9^^3b9A I I l3'^

x
:
o

c

- O
.

a m
C

o
um

r

o c ^
a
a^

QL°
.
o

e ^. 0 ^
«
: : : :._. to

0̂M
rn

^

w
0



2a

v-.
ti
F

^

HF'

at^^ ys3 ob^^
maZga e yp» Ŝ 9'^c»
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Now that pdmed tmbommema of the invcarion have '/. Apeocess as cla;media claim 5, wheseJn the reagmt is
bem dstamed h detsg. R w18 ha eppmes to paanm ttilled an oxidizing ageat teleemd fmm the groys coatiaieg of ima
in the mlMaet at Out amemof vuWbas and modtBta- oxide, msOgaotue dhai0e and oxygea
tieeb an be made wghoat deJMlhag from the hape IaVCe-

tive aaape. All sech aoOHlcatlon aod varLtlaa ate 3 S. Aptocat as daimadia claim 5, wherein the mqmt is

maddmed to he wffiia the saope of ie peuot Lvootlo4 aekqed fmm the gtoop coaaiatiag of wdi® hydmaid4

thC aamre d whi^ Ia m he dt7rtniee0 Mm the faegoiog graph0e. red said, Nm4 qaicWme, water, eathon dsmidc,
deaalptlon ad ypeaded dd^. Pm6umosa, the Jaemd- caldnp oalde, copper oxide, al®ioium oxide and magae-

ra tolRwhaoe embodonab
Wam^

widde.Sia
iotlo0 a ti0tmdedto the Impa agl6eofthe e to

Ineatloa.prawu af Ihe
9Apsncros as claimed in claim 6, wheNo the seagent is

The dslm de6iag the Lvmtba are as folbas: aWmtaiom me1a4

1. A me3notbrmial poxaee for the heamteac of a ig.ApsoaxsasdaimediadeimS.wheednthemechai-
Hqoid a wlld aqadc trute metaud to fa® a aoo-toaic ead ed activatloa is pecfomed iaaide a mesfianiul mILL

P°md, be Posaat coupialog:
whJepLog a adWengd or 11q4dd-aelld mixtoee of the 15

il A proceas as cMismd in claim 10, whaeia the

aagutc maie maeedal aod a wWhle resgmt to
mecLsninl m81 b e hell mN,

ma1iY^6alaetl^aNOaqiaqeaaelhe^tlCittlv- 12 A procrv as ddmcd in cWm 7, wherein a parucle

tty of theiCYbala aoeh that a CbeadCll[taCtiaa oceLLi size of the teageat I. reduced so as to IaclOle the lTJdlo9

dadag seehadcd aclNetlsr whim is ecoompemed by aortece arca of the mgcat prior to subjectlag a mlxture of
subtangaf deMwtlm of Me agule toxic materLl. m the taue metesial and the ma8eat to mechanical actlvYlaa.

2 A poros an claimed In dsum 1 whaaia the mgarc 13. A pocess as daimed in claim 1, wherein al0er
material I. a hal0genated QgaY1C Opmpea0d,

hdogc3. A pmeu as ehtimd in claim 2
me^aale9l actlYaOoG of the toxic IDalQlal and leagCat to4

moed agasle c^oad l.ulotted$onthe eomltt- fom a ebemiqlreectlu0 mixtma. posrions of said cLemhyl

iog N (YG, YC'4 DOI; dfaxiaa. 6esaehlaaPhasod. ss ,erria mhmee ae pedodically r®oredaodseplaoedwhh
chlorohaazeaaa, diehloraphe¢el, pnlachlosnpheaol, fresh ceagmt and more taatc matesisl aheaeby, the tohd
dielmu. A161t mladaae and Hepfadlar quantity of teage0t tequhed is soMCeotiaDy reduced

4. A Vernon n alaimed in cldm 1, wherma the otgWc
material is an agnophesphmYC aompoYpd. 14. A laocees as claimed in claim I. wherein the toxic

d4actindut^
^ ^a^ J0

material ^y a chemicd weapo n seleated 0om the

mlxarreromafiW mahmo^i-al iaMtlons^c e*oaPCOaslstiagof(ID,(lA, VXaudF1D.

al seactlm belwvena the tm{c matvLl and the taageat and 15. Apaocen r daimed in ddm 1, wherein the seaemts
whrsrds the ladam aes rleetd so OM thme will be a are auEjected to haaNog to forther inaease the cl,earical
aegslive 01bb'a 5ee eaew chuge anotlated with the iycy^.
mufiuoeheodal tesalo0 hetweea the tmjo maedal and
the merge. 35 16. A praeees as claimed is claim 15, wherein the maa

6.ApmemaaeeWmedinelaimS,whereinlhexasgeatis hatsueheatedtoatempeotusewhichumaiataiacd;nlhe
a reducing agsot aeieaoed fran the gfmp eonsletiag of nage of emldeat to 200° C.
alumioi® metal, two nwal and zinc metal and mixtures
thermE . . . . .
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UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 5,6t6,691

S
Full Text

^Y

DATED July 16, 18Yy

e lp? H
1NVENTOR4S) '

Doneckar at al.

It Is prtiliW that arar appears in the abrNdantl6d ptem and that ssld Latlsn Pateat is IurWy currseted as
YWw:

Go to Page:
"In column 7, line 27: "800 should read -8000-.

In column 7, line 41: "800" should read -8000--.

" "800In column 7, line 55: should read --8000-.

SeCtiOne: In column 8, line 12: "800" should read -8000-.
• Front Paae
• Dra n In column 9, line 65: "800" should read -8000-.

• SDecifications
• Claims In column 11, line 60: delete "-" immediately after the word "chloride'.

• Correetion In column 12, line 6: delete "." immediately after the word "organic".

In column 13, line 45: delete ";" immediately after the word "excess".

In column 15, line 27, claim 3: "dieldrin" should read --Dieldrin--.

In column 16, line 17, claim 12: "7" after the word "Claim" should read -6--.

Signed and Sealed this

Tenth Day of March, 1998

Anu,: 6GJt(( `E/{^/1+d1e^

aaUCEIBaMAN

NIeJ(ngQffi[er commn^on r lYnnnvanJTruArnart+
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